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METHOD AND APPARATUS FOR HIGH-EFFICIENCY 
ULTRAFILTRATION OF COMPLEX FLUIDS 


! ;/ l rKG^OyNl]_OF_Tl]E_iTJVETNTi2^ 

1 • Fi eid_of_ll2e_Xnvent_|on 

The invention relates generally to improved efficiency 
ultrafiltration of a fluid having a broad range of exponent s i zp 
distribution and, in addition, to removal of an intermediate-size 
component from a fluid having a complex composition <vith 
components which impede filtration. 

2 • Il£l2.i£^_^HRli£iii2!l 

This application is in part e'osely related to t^e 
copending application — ethod and Apparatus for Treating -'ood 
and the Like", filed on even date here-ith, and bavin- a co-o, 
inventive entity. 

3 ■ [}£££liPii c .il_2l_iil e — --l2£--£- 

nistorically, fil'tration co-.pr ehc ncc d removal of the 1"-" 
particles or compounds from a feed fluid by its passage through 
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called batch filtration, and the filter eventually 0^0^ to 
accumulation of large particles or compounds in near the 

pores. When clogginj occurs, the filtration becomes inefficient 
in the sense that either substantially greater pressure droos are 
required to maintain a given filtrate rate or the initial 
filtrate rate cannot be approached. Inefficiency can Also 
result from osmo t i ca ] 1 y-der i ved back pressures in cases "-here 
the feedstock fluid comprises a solution of J ov to moderate 
molecular v:eight compounds, some of which are rejected by the 
filter membrane (i.e. concentration polarization). 

A knov;n alternative to batch filtration is to pass at least 
a portion of the feed fluid parallel to the local Diane of t h ^ 
filter. This technique is useful, for example, where the Pnid 
is a mixture of two substances consisting of molecules o* 
different sizes (size being approximately pronortional to the 
molecular weight, ^ T V) the larger of which is substant ial 1 v 
rejected by the filter membrane. 

Volecular size is collected through ° circulation pat b 
parallel to the filter membrane while the filtrate comprising the 
fluid of smaller molecular size is collected a r t e r pp.s^ge 
through the membrane under the influence of a transmembrane 
pressure difference. A second example is a feed f 1 u ? d 
containing cells such as bacteria, white blood cells red bioo^ 


lhP separation of the eellVfror solution o^ solvent. 
3,^ seq uent steps .ay include the further separation of the 
expound, in solution as discussed thereinbefore and 
her cinafter. v;e use the term convective filtration •••here there is 
substantial flow parallel to the filter. 

For a conplcx feed fluid comprising, for example a 
combination of solutes, suspensions, and perhaps fluids of 
,,,^, ar sizes, convective and batch filtration both 

CI 1 1C1 ^-"L ' " " 

ha ve clogging problems resulting in inefficiency. As will be 
discussed in more detail hercinafter, a second major problems is 
that the molecular weight distribution of the MUrMe mav also 
change with the inefficiency. Where a filter is require- to 
discriminate at a predetermined molecular or particle size, 
control over the process is tenuous. Thus, increases in 
transmembrane pressure to counteract the clogging proclivity and 
maintain acceptable filtrate rates leads to a -edified — 
distribution in the filtrate which is not acceptable for many 
appl i cat i ons . 

As a single example of a fluid for which filtration 
techniques are presently inadequate, consider human (or animal) 
blood. As shown in Figure 7, blood comprises an extremely broa' 
molecular weight (YV:> distribution of components alone with a 
distribution of cell sizes. As described in the eooend^ 
„ nnli , ption ,itod hereinbefore, treatment of a k < d n e y patient 
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re qui res accurate removal of a minor fraction lov and middle 

molecular weight species at relatively low filtration pressures. 

Similarly, other common fluids have filtration problems whic* mav 

be ameliorated by the methods and appraratus described in this 

application. 

SIT.TVAHY OF THE INVENTION 


It is an object of the present invention to provide improved 
apparatus and methods for the efficient ultrafiltration of fluids 
having a broad range of component sizes *v hereby reasonable 
filtrate rates and stable filtration characteristics may be 
achieved. 

It is the further object of this invention to provide irorcved 
apparatus and methods for the efficient ultrafiltration of fluids 
having a broad range of component sizes whereby reasonable 
filtrate rates and stable filtration characteristics may be 
achieved in a continuous filtration process. 

It is yet another object of this invention to provide an 
apparatus and a process for the removal of an intermediate 
fraction from a complex fluid bnvi^e 3 broad ran^e of component 
sizes by a filtration method and apparatus providing for t v: o 
convective filters of different reiect ion characteristics. 


DESCRIPTION OF T^E P^EFE^ED EVBnnr^EVTS 
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through a first convective filter having Pn intermediate cutoff 
cijoracterist ic and then passing the filtrate from the first 
convective filter through a second convective filter having a 
smaller cutoff characteristic, whereby a heavy fraction is 
obtained from the convective output of the first filter, an 
intermediate fraction is obtained from the convective output of 
the second filter, and the light fractin is obtained in the 
filtrate of the second filter. 

In accordance with yet other embodiments of this invention, 
spectra and p r e s s u r e - e f f i c i e n t filtration is achieved in 
convection filters by geometrical and operational augmentation 
t echn i cues . 

In accordance with yet another embodiment of this invention, 
at least one of the convective filters has a spiral geometry to 
help prevent clogging of the filter. 

In accordance with yet another embodiment of this invention, 
there is disclosed a method and apparatus for recirculation of 
any output fraction through the convective filter to improve its 
efficiency. 

The foregoing and other objects, features, and Rd vantages of 
the invention will be apparent from the following, more 
particular description of the preferred embodiments of the 
invention, as illustrated in the accompanying drawings. 
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^IEF_pESCRIPTION' OF THE DIVING 


Figure ! sho-.vs the rejection characteristics of exemplary 
filters for use in this application. 

Figure 2 shows schematically a portion of a filter system 
for removal, as an example, of middle molecular weight material 
from a feed fluid. 

Figure 3 shows the filtrate rat P vproc 
characteristics of a filter suitable for remove, of ,o, and 
middle molecular weight materials from a fluid. 

Figure 4 shows the clearance or removal rate versus the 
molecular weight of disolved species as a function of the 
quantity of rejected materials (e.g. very high nolecillar ,. eipM 
proteins and/or cells) present on the filter membrane surface. 

Figure 5 is a schematic representation of an ultrafiltration 
system suitable for fluids having a broad range of component 
di s t r i but ion . 

Figures 6A. 6B and 6C are various views of a filter- 
configuration suitable for use with the o^esent invention. 

Figure 7 depicts important components of hun^n Mood, 
inducing waste naterials, as a function of their Secular 
weight or cell size, as an example of a complex feed Muirf. 
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suhst8 „ tUI numb ., or eo.pooeo.s o, „«, or 

olecul ar,e iB Ms <*.,). B, w.y .« 
; tl ,.„ Mooo is sho-.n in F i,t,re 7 , .here i. o, a , he seeo rha.aa 

s„, of identifiable components so^n a 
extremely large number of id-ntn 

nsctnntiellv in excess of five orders o 
molecular size ran 5 e substantially 

a to filter a complex fluid to remove n 

^.crnitude. In order to filter 

I,.,..... P-tUn or the specuo., one aaos, — 
atlenti on to oo, tot. f. ,ross spec.rai characterises - 

fllt . t (,, but .!..'». "of certain components ,« 

el0 . the ,„,«(.). renoerin 8 the, pressure inerricien, 
,..;,„, ...p.«tr.l«.,r......n. f .H.M,..». — ' «" 

for blood has orecluded, for example, the 
solve these problems for blooo 

« f Qn Pfficient ultrafiltration system for 
practical development of an efficient 

usc as ao ,,,,.1... K,e».y. 

to a great many other eoa-plex fluids. 

In the ,.-«....« hatch f.,„..-.o„ proeess, the ( eec n,i- .s 
pa ,seo essentiany norota, tothePiaoeor theritter. r„- Hut, 
s , ch „ ,ater oootaioin, suspend sen,, ha, eh fixation ,s 
tea s,h,e as a s e. i - e on , i n u oo s proeess heeaose ,hc ,a,er - 
,„„.». - r,o, ,hroo g h ,he sen, -hioh hui„s„P oa ,ho — 
or the finer ao, ,„,„->« — «»» ^" r *" 
„„„„, io Pressore. Ba,ch rmration is no, s„i,ah, e 
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the larger constituents effectively clog the Hlter end engender 
large pressure increases for a given filtrate rate. Filtration 
of such a complex fluid can be made more efficient and continuous 
by the use of a convcctive filter where the feed fluid flows 
approximately parallel to the filter membrane and thus tends to 
carry off those constituents of the fluid vhich decrease the 
filtrate rate. The required flow of filtrate perpendicular to the 
filter membrane can stiii cause problems of clogeing. 

The clogging referred to herein can be two types; surface 
clogging and membra/ie pore clogging. Surface clogging is caused 
by rejected materials which accumulate on the surface (feed 
fluid side) of the filter membrane. The amount and/or density 
of this type can be controlled by the methods, devices, and 
procedures described or referenced in this disclosure. The 
second type of clogging refers to fluid constituents becoming 
immeshed within the membrane u 1 t r a s t r uc t u r e . This tvpe is, in 
general, less affected by convective events -ithin the feed 
channel although there is still possible ^inor contribution from 
events within the feed channel. The basic ^e-brane filtration 
characteristics would be altered in the latter- cssp wherein a 
different straight line buffered saline limit could be 
encountered (e.g. the straight line of Figure ? v 0 u!c be rotated 
clockwise). The initial technical concepts on -^brpnn pore 
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(or Artifica , Jntcm.iJ.rEsn.. v.,. 24, Pa. .55, ,»T.. A -n.r. 
^liaed and complete description of multiple H-.lt Phcno-rcn, 
' uppl en,ental to this disclosure ,-as published in July. 15S« =5 
'„, e chaP ,er entitled, -VI. r af i 1 1 rat i on of Plasma and Blood- in 
„„. Advanee £ JnJio 2 edicaiJn S innerin g , Par. H, en.i.ed by 
0. Coonay (Marcel Dekker, Inc., New York and Basel). 

Figure 3 shows hot, surface clogrting affects .he efficiency 
f fil , ration through its influence on the filtrate rate versus 
transmembrane pressure relationship. In that figure, filtrate 
rat . is linearly proper, ior.a, to pressure for a •■buttered ,a, ina- 
ction. However, when proteins similar to those found in Mo," 
. added to the feed fluid, linearity fails and the pressor, 
deviates fro. the idea, limit very drastically a, and above a 
certain filtrate rate determined by the nature of the feed fluid, 
,,. filter m .»br.n.. and the flow condi lions (as 
Flgur c 3 also shown graphically the definition of efficiency used 
herein-, efficiency is the ratio cf the filtrate rate, N' F , „„ 

M . , on the linear 
the non-linear curve to the filtrate rate, A 

buffered saline curve at the s.^e transmembrane pressure, ote 
that the efficiency decreases as the pressure is increased. Lo, 
efficiency conditions at high pressures can result in *ei or 
Precipitate formation on the ^brane surface as denoted by the 
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major problems. First, while efficiency may be enhanced by 
moving from say point D to point ?. in Figure 3 by reducing the 
pressure and filtrate rate, the rate becomes unacoeptably I 0W 
and may only be increased by making the filter larger. In known 
configurations of filters for blood applications, area enlargement 
increases the total amount of protein deposition and in multi- 
channel designs aggravates the degradation of filtrate rate with 
time due to concentrating effects. As regions of the filter 
begin to become ineffective, either the filtrate rate drops or 
the transmembrane pressure (TVP) increases. The second major 
problem is that -vhen the filter is operated inefficiently, the 
composition of the filtrate is modified. This is illustrated b v 
Figure 4 where it may be seen that as the conditions change fro- 
points A (no protein) to E, C, and D (increased pressure, protein 
deposit, and density) in Figure 3 the filtrate includes less 
and less of the middle molecular weight species. In the cas* of 
the kidney application, for example, the clearance rate can drop 
so low (e.g. curve D) that conventional hemodialysis rates (shorn 
for comparison purposes) are more efficacious than h e-o f i 1 t r a t i on 
clearances . 

Figures 3 and 4 typify the problems of maintaining 
efficiency and spectral integrity in a convective filter for 
separation of a fluid into two fractions. It is often the case 
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, t is one of the major fentures of the present invention to 
use t , 0 or more eonvective ultrafilters to achieve separation of 
Z intermediate fract ions , whereby the intermediate fraction mav 
be removed in a continuous process. Referring no. to Figure i, 
there is shown the generalized rejection characteristics of two 
Afferent filter membranes. The type 11 membrane rejects the 
lieavi est (or largest) particles ,-hile passing the intermediate 
„„, , ; ,ht fractions, while the type 1 membrane reiects both the 
intermediate and largest components and passes the lightest 
components. Referring now to Figure 2, if t,o eonvective filters 
are interconnected as shown, the light and intermediate fractions 
are the filtrate of the primary filter (containing the type 11 
membrane); these fractions are then separated in the secondary 
filter (containing the type I membrane). In the general case 
shown, all these fractions are available separately as the 
outputs of a continuous process. Spending on the components 
present in the filtrate of the primary filter, there can be a 
filtration efficiency and spectral integrity problem in the 
operation of the secondary filter as well as in the operation of 
the primary filter, as hereinbefore described. Various 
augmentation techniques presented in ^ore detail hereinafter can 
ameliorate these problems in one or both of these filters. 

,n order to achieve and maintain efficient ultrafiltration 
through either or both of the filters in Figure 2, they ~ust be 
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augmentation herein defined as: 

(1) surface perturbations in narrow flow channels 

(2) irregular but controlled channel geometries 

(3) membrane charge characteristic (repellant) 

(4) secondary flow induction by channel inserts (screens, 
r i bbons , etc.) 

(5) externally applied forces and/or motions (physical 
movement. 3 ultrasound, electrical potential, pressure 
perturbations, pulse flow, etc.) 

(6) staging o f ^ devices 

(7) independent manipulation of flow rates in the device 

(8) preferred geometries in combination with augmenting 
me t hods 

(9) independent control of biochemical and biophysical 
conditions during filtration. 

Referring now to Figure 6, various views o<* portions of a 
suitable filter are shown. A complex feed fluid such as blood 
passes through the length L of the filter between the membranes 
90. Elements 200 schematically represent a screen which serves 
to separate the membranes elements 90 by an appropriate distance, 
to introduce some resistance to flow into the feed fluid path 
(whereby uniform flow is obtained) and to induce secondary flows 
which help keep the membrane clean. The model sho--'n contains 
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( . 00) . For the kidney mach^ the lota, area of the ^r.n, P 
[[ Fjgure 5 is desirably on the order of 0.7.2 for averse adult 

, • 4 -^n C Thp height n of the feed fluid f 1 ov 
intermittent applications. The nei„ni 

1 th is desirably in the range 0.25 to 1 mm; too snail a value 
r nt roduccs excessive resistance into the feed fluid fie, oath 
while too large a value results in inefficient filtration 
conditions and an impract i cal 1 y large filter. 

l • ^ ^ r) TO i n t 3 i I! 

In order that the connective f. Iters acu.v, 
efficiency, it is imperative that any impediments in the 
eonveetive path do not 'appreciably reduce the effective ,idth of 
tl , e channel (i.e. active membrane) below its nominal value «. ^or 
example, if the filter consists of multiple hoi lor Mher 
membranes in a parallel arrangement, each with a bore dieter T '» 
rapid plugging of a substantial number of the fibers can occur 
due to feed fluid concentration and the effective area is 
unacceptable diminished. deferring to Figure 6A if R 'oeal 
imP ediment occurs in the channel, the feed fluid must be ab,e to 
continue to flow both upstream and downstream of the impediment. 
A rough geometrical criterion for such a condition is that " 
should be at least as large as L • This requirement is -st 
easily met by spiral filters, which are also compact an, 
relatively easy to fabricate. deferring no, to Figures ^ and 
GC, there is shorn a c r o s s - s e c t i o n of a soira! filter. The 
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together at the outer edges 6 6*." The envelope and the blood 
screen 200 are both wound around a central hollow mandrel 500 
which serves as a conduit for the filtrate stream. The porous 
backing 4 00 from envelope 9 opens only onto holes 300 leading to 
the hollow portion of the mandrel 500; the filtrate stream 
passes from the filter unit through the filter perpendicular to 
the drawing. More details of the construction of a spiral filter 
may be found in the Westmoreland M.S. Patent 3,367,504, which 
describes its use for the desa 1 i n i za t i on of sea water. 

Several different combinations of spiral wound construct! 
have resulted in achieving the high efficiency necessary for thi 
application. m looking at the cross section nerpendi ei.i»- to 
the flow area, prototypes have contained a filtrate mesh 
spacer. P, y casting the membrane directly onto a oorous, oven, 
incompressible substrate, the filtrate spacer was eliminated so 
that existing construction would consist of the feed fluid side 
spacer and the membrane shown in the drawings he-oin. The 
membrane envelope is made by gluing the edges of the oorous 
substrate together with a water-resistant adhesive, <uch as the 
"ethane glue made by the Voxel Corporation. Other adhesives use- 
in the nodule construction include medical *rade silicone (e.c 
How Corning Corp.) and possibly po 1 yme t hy 1 emt ha c ra 1 a t e or other 
adhesive strategies common in the field. The substrate -term's 
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be en used with success. Two types of membranes have been 

ceveloped for this purpose with, apparently, equivalent results. 

Tne first type is on asymmetric cellulose acetate somewhat 

simi lar to the reverse osmosis membranes developed for 

desa linization. Unlike the reserve osmosis application, it -nay 

be necessary to alloy; free passage of electrolytes while 

rejecting the heavy fraction. The membrane may be suitably 

i /• i . a ^r.T-»^r>1»T-irr nonHi I i nni: or 1 1 1 S t 

modified eitner oy lormumnun mn- *- -• 

by the annealing conditions. Exemplary formulations have been the 
glycerin perchl orate . eel 1 ulose acetate formulation ».-itb altered 
[ annealing and the cellulose acetate annealed for short periods of 

time at less than or equal to 30 o centigrade. The exact 
annealing conditions will change with different cellulose acetate 
formulations and still produce an acceptable membrane. The 
second type of membrane that can be used in hemo f i i t r a t i on is a 
modification of the newer, thin film composite reverse osmosis 
i technology. The thin film composite reverse osmosis membranes 

; are, typically, a backing similar to the one described above 

I (substate), a polysulfone intermediate -e-brane, and a thin top 

! film (200-500 Angstroms) on the top of the polysulfone. One too 

j' 

1 film for reverse osmosis has been a polyamid formulation. The 

i 

[ modifications of heme f i 1 t r a t i on can be either one o r two typ*?- 

The first is to cast a sufficiently thick polysulfone film vHth 

I . . .-.X 4:-- ^v^-ontr. '-ict'r'c •ji'^il^r t ^ 
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molecules normally present in urine. A concomitant membrane 
criteria would be insignificant passage of no] ecu] cs at and above 
45,000 molecular weight. This is better understood with 
references to Figure 7, which shows the spectrum of molecules 
and formed elements in blood. The second modification of the 
thin film composite reverse osmosis technology would allow a 
thinner casting of the polysulfone base with an even thinner top 
film than is used in reverse osmosis. Again, the criteria is 
easy passage of electrolytes and end products of metabolism with 
insignificant passage of the larger plasma proteins. All of the 
modifications outlined above are easily accomplished by technical 
personnel well versed in membrane technology. 

In order to achieve efficient hemof i 1 t rat i cn , the feed fluid 
side spacer 200 must have certain characteristics. ""any thick 
commercial screens will not work due to their i ne f f ec t i veness in 
promoting removal of rejected material away from the membrane 
surface. Conversely, extremely thin screens can result in too 
much pressure drop, \v hich detracts from the transmembrane 
pressure differential. One spacer that has worked is the Vexar, 
made by DuPont (polyethylene), with 12 strands to the inch and 
measuring a total thickness of apDroximately 25 mils. (0.025 
inches). The preferred orientation is to have the mesh Hnes at 
an approximate angle of 45o to the f]ov direction as shown in 
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A preferred casting material'to encase the spira' filter and 
direct the feed fluid and filtrate streams is po 1 yea r bona t e or an 
bivalent biocompatible material. The same material has been 
used for the filtrate collection tube onto which the rolled 
" piral assembly is ,ound. The wound assembly is sufficiently 
waller than the inside diameter of the polycarbonate housing 
t0 enable potting of the wound assembly into the polycarbonate 

shell using silicon adhesive. 

Filters in accordance with the foregoing description -ay 
„„1 no, operate efficiently, i.e. vi.hou. Conine, unless one 
or m ore fluid feedback paths are used. For example, if the fluid 
,. blood, it has been found essentia! for maintenance of 
efficiency to recirculate a Lr C e fraction of the hiood exiting 
,he filter at port 5 by reintroducing it a, inpuf port 3 at 
recirculation rate P ti.es .he input biood tl- rate *T. " ™s. 
b , substantially larger than 2 ,ith a nomine, FF of ,,. to ... 
„„,,„., values on the order of 3-8 are required to assu-e high 
efficiency wl.h .he filter membranes and devices used 
and descr.bed hereinbefore. ."hi., there is at nresen, no 
comprehensive and exact theoretical basis for the reiation of the 
value of P to the filter parameters and blood composition, -no St 
factors arc ano,n and at Last t«. factors are believed 
substantia,. First, the use of large amounts of r ec i r c„ 1 a « i en - 
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mput flow rate range is 200-250 cc/mjnute with a typical 
filtrate rate of 80 cc/ minute, i-j thout recirculation, then, the 
plasma portion of the blood would be depleted of approximately 
half of its water by the time it reached output port 5. For 
example, if R = 4, then the filter input flow rate is in the 
range 1000-1250 cc/minute so that withdrawal of 80-100 cc/^inute 
of water results in a much lower percentage change in blood 
composition down the length L of the filter. Fecond, the 
increased rate of flow through the filter with recirculation 
apparently resulrs in an increased scrubbing action on the filter 
membrane whereby its clogging proclivity is reduced. As the 
blood access limited flow rate is increased, the value of t? can 
be decreased and still achieve high efficiencies. 

In a similar manner, either or both the intermediate and 
light fractions may be recirculated through either or both the 
convective filters 1 and 11 in order to enhance their efficiency. 
For fluids other than blood which may not contain the heavy 
(cellular) components which scrub the convective filter to 
reduce the proclivity to clogging by intermediate components, 
additive components may be introduced into the feed fluid stream 
at the input of the convective filter to promote the scrubbing 
action. Spherical particles will help achieve high efficiency, 
but may not be as good as non -s phe r i ca 1 particles, or particles 
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In addition to or in lieu of the specific an^entat ion 
techniques described above, other e f f i c i e n c y - p r o m o t 5 n 
techniques may be employed. Surface perturbations in narrow 
flow channels can be achieved in several rays. n ne is to have 
the membrane exposed to the feed channel containing surface 
irregularities which may, as an example, be achieved by casti"^ 
the membrane over an underlying matrix which would promote the 
formation of the perturbations in the final membrane Droduct. 
Another method is to have the membrane supported by an irregular 
plastic insert with rhe transmembrane pressure sufficient to 
deform the membrane over the perturbation v;hich is typically 
molded into the plastic support. An example of irregular but 
controlled channel geometries ^ould include tight coiling of the 
feed channel, periodic or asymmetric surface *vaviness parallel to 
the low, or folding of the flow channel, all in a manner to 
induce flow diversion in the direction of flow. For feed fluids 
containing charged molecules or particles to be rejected, the 
membrane can be constructed to contain fixed reoellant charges. 
In addition to the efficiency induction by screens covered in 
detail, a tubular blood channel can bene'it by using a ribbon to 
produce spiral flow (secondary flows) in addition to axial flow 
t'irough the tube. Examples'of externally applied forces can 
include, but are not restricted to, t H e apDlication of surface 
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membrane or support structure. In this wnv, a pollination 
Parallel to the filtrate flow aids in repellin, the rented 
materials away from the membrane surface. Electrodes have been 
formed by using metallized screens to support the membrane a]nnt , 
with a metallized flow channel bounding surface oonosite f rom 
the surface of the membrane. Another augmentation technic..* }s 
the use of ultrasound for improving filtration efficiency. j n 
lieu of the metallization, the material must have, as an 
example, piezoelectric properties. To achieve effective 
ultrasonic agitation, discrete crystals integral with the filter 
would be required rather than single continous sound drivers 
(e.g., reeds or electromagnet i c a 1 1 y driven diaphragms) -hi oh 
would produce only low frequencies in the feed channel. 
Ultrasound may be implemented in several ways, including 
crystals directly exposed to the feed channel. This is the most 
electrically efficient way of transmitting ultrasound frequency. 
It is also the least efficient in promoting filtration ef'ieienev 
while posing the possibility of "heat" damage to the bloo^. A 
less electrically efficient way of producing ultrasound « s to 
have the transducer faces placed parallel to the di-ection of ,h e 
feed flow, either in or underneath the me-h ra ne structure. 
Although less electrically efficient, the augmentation of 
filtration by the membrane is ~ost effective with this 
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m ,ction. Ultrasound technics Incite the of n •>«?<« 

|"",u., e ,, fr.Q««e» spectra, and of fluencies 

depe „cent upon the application. Fx.»p... of physical -»«-M 
jnclu<3 e a "washing machine" agitation, continuous rotation vHth 
Special rotating seals or connectors, or linear vibration, a-. 
a p pl ied to the entire filtorin, .nodule. S,a S in, .» devices 
jnclu(ics the use of .ore than one device arrange* in a parallel 
.„„.. „„,„„ in, manner. This allov.s direct introduction o' 
cl eansed filtrate into the feed flow between each nodule. This 
dilut es the feed flow, .Homing .ore efficient filtration in 
each module, but normally at the priee of increased total surface 
are a (.ore nodules) with concomitant i-orovement in total 
Cc.rance or effective filtration. ^hese trade-offs are inherent 
in the indentation of staging and quantative calculations can 
be made by individuals versed in controlling filtration 
phenomena. Staging may be of the macrostage varietv, in which 
selected r e i n t r od u e t i on of filtrate can be achieved by design 
along an otherwise continuous flow channel. Paging is also 
meant to imply any method intermittently "mixing up- the feed 
stream to eliminate any component Polarization within the fee^ 
stre am. Another variation of staging also found to be effective 
is the alternating of active and inative filtering areas. -his 
concept somewhat accomplishes the sequential nixing aUnded to 
nh ove. Without any other augmenting method, the remixing woul* 
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V/ith the simultaneous use of other augmenting methods, corrective 
modes of transport could assist the diffusion. Independent 
manipulation of flow rates in the device include, generally, anv 
additional pumping or flow action in addition to the sipoi e 
throughput required to achieve practical filtration. ^et ails h?vo 
been given on the use of recirculation in one of the pre^errer 3 
hemof i ltration designs, but the invention --voiMd also include 
mechanical oscillatory motions to cause vortex shedding and/or 
fluid replenishment from grooves perpendicular to the mainstream 
feed flow, as an example of preferred geometries in combination 
with other augmentation methods. The more direct example herpin 
is the use of spiral hemofilter modules with screens capable o f 
inducing high efficiency in combination w i t h recirculation of t h e 
exiting fluid back to the inlet. Since the hematocrit affects 
the production of optimum efficiency, variatior of the 
r e i n t roduct i on of filtrate betv-een the module inlet and exit 
also a method of improving the filtering efficiency, considered 
to be one of the biophysical condition embodiments. in Pddit in- 
to the methods already covered, independent control o r 
biochemical and biophysical conditions includes the n TT in the 
feed channel (more importantly at the membrane surfeee), contro 1 
over the charge at the membrane surface, and the fractional 
filtrate to feed fluid return ratio. 
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„„.,). .«U..ry P»r.,e,es arc unnecessary. ...t ... 

a ,„.«.,, of run. «..t.i.i.« •"«'•'•'• 

^ecronto.ecuUs, or active or inactive 

efficient Mutation ,ay be achieved by .he appe-e.es en, 

* + ^ thP Mood ex^ole hereir>e f cr n 
^thods described with respect to the ..cod ex. . 

„ fithoul the addition of auxiliary particles. ro.olex Huid< . n 
this category comprise hu.an and animal blood or ^ flm.s. 

. . ..,„„«. (p.p. bacterial, plant ce^s, 

miC robial or eel luiar .su M — 

anima , „,..«. or iy.ph fiuics, cicrobia, or ceiUUr snsoensUns 

...t.,1... pUn, c..„, eeiree, ceUs, efO.ee. proe-ct, 

and b y-prod U e.s, p..-, ex.rec.s, suspensions of a, nee or funn, , 

ve aetab,e food and beverages containing Per.ie.es seen es o»-r 

orange juice), Pu,P presets, activated r^«" 

n.in,- la, ex suspensions, starch, oh o t « r a oh • a 
suspensions, paint*, latex b u * F 

e.u.sions, printer's in,, «... s.ree^s sue, — 
automotive .«, end other suspensions er elisions ,« 

i, desirabie tc process or reprocess (e.g. reel.-). 

,«.., candidates for the apparatus end techniques desert — 

- ^» ( > f > bacterial or other culture media 
in this apolication include wieru, 

,„e harvesting o, the grc-n cocoouen.s, inciudin, oroteUs) 
, h , rentova, of antigens, viruses or baete-,a fro- stree-s. 

: f : „ evo-i'e, Pnti-cancer- 1 ' ° 
By way of ^ore specific exa p e , 

■ mn v Sp nroduced "iv s t i t ' 1 a t i n T 
substances (e.g. interferon) - 8 > ^ oroc _ 

■ „ ron _, ol ocui e i s sufficient 1 v 


Y>\3 RE A 
OMFl 


SUBSTITUTE SHEET *5£ml£ 


' W KJ^I \JOO\JU 


PCT/US82/00450 


i 


-24 - 

in Figure 2, '"here the feed fluid may comprise cell cultures i „ „ 
broth medium. Interferon is a large, f r a g i 1 e n, 0 u clJ]e 
sufficiently bigger in size than the normal nutrients find much 
smaller than the cells that produce it that it may fit into the 
strategy of Figure 2 and be removed as an intermediate fraction. 
The feed fluid in Figure 2 would comprise the live cells n r Head 
cell fragments, the interferon and the nutrient of broth 
materials. The first filter module in Figure 2 (containing the 
Type II membrane) would contain, for example, a Vudepore 
membrane with a pore size preferably between 0.1 and 0.9 
microns. Using recirculation in the spiral wound module cell, as 
shown in Figure 5, debris accumulation on or near the -embrane 
surface could be reduced and high efficienev filtration 
conditions established. For this application pulsating now or 
pressures may be slightly better than constant flow 
recirculation. Pores of approximately 0.4 microns and above 
provide for easy transmission of the interferon and nutrient 
fluid (broth) while the cellular material is reiecter. An 
advantage to this process is the gentle treatment of the 
interferon molecule. This is a distinct advantage over oresent 
methods of concentrating this valuable substance. T^ e filtrate 
stream from the type II membrane would then be processed by ? 
second filtrate module where the type I membrane could be 
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eontain only the nutrient -iter in Is (the broth in a water 
solution) and could be returned to the cell growth or interferon 
producing process as part of the overall process (not shown). 
The intermediate fraction removal stream f rom the module with the 
type I membrane would contain interferon in a more concentrated 
sta te than in any other portion of the process shown. ~h i s 
stream might be subject to muUi-stage processing with type T 
modules to genu y a ceomu i i s :i i u i i ..c i «- v.i v. ■- .-. •. . ^ v , .. c - . - - 
interferon. A unique advantage of this schema is that the 
filtrate process is gcn,tle, an absolute requirement in interferon 
production. Interferon production is presently done in batch- 
systems, whereas the filtration, separation, and concent rat i ng of 
interferon could be made continuous. "This is another distinct 
advantage. The type I filter membrane module for this 
application would not be particularly susceptible to the 
efficiency augmentation methods since neither the interferon 
nor the nutrient broth would contain ma c r omo 1 e cu 1 e s er part'des 
of sufficient size and concentration to engender the hi~ w 
efficiency potential of the augmentation methods. 

In a similar fashion, an: -a is may be ha -vested for ant 5 hod- 
product ion. An antigen vo-r d be introduced into the animal 
(e.g., cow) and the immune system -n»ld produce r.nt i*-odie« to the 
antigen. Antibodies vou'd be either ceM mediated or in the 
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producing substantia] antibodies- ^he type II T.^ Sr Rne 'voui^ 

again be a ni croporous type for p) a^aDhor es i s pu-ooses. There 

are commercial cellulosic find polysu] f one membranes (made by 

Millipore, Enka, Gelman Corporations and others) ""ith tortuous 

path structure that can be usee in nlace o r the Vuc^epore 

membrane given as an example in the interferon process. Plasma 

as defined in Figures 7 would pass through the cores iv h i 1 o all 

blood cells w ould be rejected. The type I Teibrane is a 

specially designed ultrafiltration type with transmission of 

molecules up to approximately 1 00,000 molecular v: eight. A 

charged membrane would augment the seoaration o r the albumin 

molecules from the globulin molecules vhile a n Tt change coulr" 

~ also shift the isoelectric points of the nroteins to enhance 

*.* 

L 

C selective separation. Another doss i bl e co-process ^ould be 

1 gelation of the proteins or cryoprecipi tat ion. A perfect 

membrane or one employing either an electric field or cross- f iov 
fractionation could accomplish the selective separation of the 
i mmungl obu 1 i n s from the remaining plasma proteins. "he unwanted 
plasma proteins and all lower mo!ecu]?r weight ~>ate-ial vould hp 
contained in the filtrate strca" f r o ^ the type I ^enbrsne and 
could be returned to the animal. The removal stream wouM 
contain concentrated \ m m u n o g 1 o b u 1 i n s and could he subject to 
further processing or concent rating. 
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of a large molecular weight protein from huge cells which n.Kt ho 
t in a controlled environment. The inherent advantR?p is that 
tne intermediate fraction removal stream is already encertrated in 
th e protein (refer again to Figure 2) and the culture media and 
ce Us can be remixed by combining the heavy and light fraction 
removal streams. The first separation steo in the type H module 
w0 uld be subjected to the high efficiency techniques described 
hereinbefore and hereinafter, while the second filtrate module 
containing the type I membrane would not inherently be subject to 
efficiency au gme n t a t i-o n , but could have particles added to it. 
The same cell separation requirement is inherent in the overall 
process of using solar energy with photosynthesis to produce 
high energy molecules which are then useful for food purposes or 
synfuel (biomass) energy production purposes. ^the r medical 
applications include the separation of cerebrospinal fluid and 
the on-line production of cardioplegia solution. 

The foregoing material has described comolex fluids havin* 
sufficiently large particles or cells so that a U the 
augmentation methods are potentially applicable. "-here these 
large particles or cells are not oresent, certain of the 
efficiency inducing techniques relating to the dynamics of the 
feed fluid channel flow are not very helpful. ^or such comoi ex 
fluids, other of the augmentation techniques Ascribed are still 
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to enable the full range of efficiency mentation techniques 
described hereinbefore. After the filtration, the auxiliary 
particles or cells could be removed if desired by addition,, 
filtration, cen t r i f uga t i on or other appropriate conventional 
techniques. Another class of complex feed fluids may have 
molecules sufficiently small or of such a geometrical 
configuration that even particle addition could be efficiency 
inefficacious. Even for this latter class, the double convective 
filter method and apparatus (possibly in combination -ith 
feedback or recirculation techniques, charged membranes, etc.) 
will provide results superior to existing membrane separation 
technology. The following is a list of applications or complex 
fluids containing insufficient cells or oarticles for the seU- 
f induction of all augmentation methods: recombinant genetic 

engineering products, part of chemical or clinical analysis 
systems, waste water treatment, cleaning incoming water streams 
paints, KNA/D-A processing, enzyme engineering, dairy product 
processing including whey, food processing such as tomato 
juice, laundry waste or incoming fluid processing, part of the 
recycling of dry cleaning fluids, gelatin production, vax are 
wax product processing, production of liquid foods, reprocessing 
of steel pickle liquor, polymer processing, de --a t e r i n g of 
metallic colloids, processing of oily emulsions, an^ production 
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ramcters are preferred. v ;h i 1 e homogeneous hard sph 


prion] 


particles will help achieve high efficiency, flexible spherio.nl 
particles or flexible particles of non-uniform density or shape 

are more efficacious. 

'V h i 1 e the invention has been particularly described an^ 
shown in reference to the preferred embodiments thereof, it iviH 
be understood by those skilled in the art that various changes ; n 
form and detail and omissions may be made therein without 
departing from the spirit and scope of the invention. 
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!. An apparatus for the filtration of predetermined 
molecular weight components from a complex fluid, comprising 
convectivc filtration means for separation of said fluid into 
a hea vy f ract i on having high molecular weight components and a 
complex filtrate fraction having lever molecular v e i .^h t 
components than said heavy fraction. s ^ i d filtration m p n n r , 
including at least one augmentation means for maintaining 
efficiency during said filtration. 

2. An apparatus for the filtration of predetermined 
molecular weight components from a complex fluid, comprising 
convectivc filtration means for separation of said fluid into a 
first fraction having high molecular weight components and a 
complex filtrate fraction having lower molecular weight 
components than said first fraction, said means comprising spiral 
geometry augmentation means for maintaining efficiency during the 

period of said filtration. 

3. The apparatus of Claim 1 or 1 a i m 2, w herein said 
filtration means includes at least t w o augmentation means for 
maintaining the efficiency of said filtration during the period 
thereof . 

4. The apparatus of any of Claims 1-3, further comprising 

Tpan^ for r r c i r c u 1 a t i n r n portion of s r i H h o a vv f r a o t i n n t h r o v c h 
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5. The apparatus of any of Claims 1-3, further comprising 
me sns for recirculating a portion of said filtrate fraction 
through said convectivc filtration means to improve filtration 
ef f i c iency . 

6. The apparatus of any of Claims 1-3, ••.'herein said 
convective filtration means comprises charged membrane means for 
repelling selected constituents in said biood. 

7. The apparatus of any of Claims 1-3, further comprising 
first recirculation mea-ns for recirculating a portion of said 
heavy fraction through said convective filtration means and 
second recirculation means for recirculating a portion of said 
filtrate fraction through said convective filtration means to 
improve filtration efficiency. 

8. An apparatus for the filtration of predetermined 
molecular weight components from a complex fluid comprising, in 
comb i na t i on : 
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first convectivc filtration .cans for separation of 
fluid into a heavy fraction having high ,o,ec U |ar vei.ht 
components and a filtrate fraction having lower molecular veigh t 
components than said heavy fraction; and 

second convective filtration means for reception of said 
filtrate fraction and separation of said filtrate fraction into an 
intermediate fraction having intermediate molecular ,-ei^ t 
components and a light fraction having lower molecular -eight 
; components than said intermediate fraction. 

I 9 * The a 'PP» ra t«* of Claim 8, where at least one of said 

fit * St SeCOnd invective filtration means has spira! Geometry 

\. Pigmentation means for maintaining efficiency during the period 

'tt of f i 1 1 rat ion . 

\ 10. The apparatus for Claim 8 or 9, where said first 

convective filtration means comprises charged membrane means for 
repelling selected constituents in said blood. 

11. The apparatus of any of Claims 8-10, further indudinrr 
recirculation .means for recirculating a portion of said heavy 
fraction through said first filtration mea^s r or enhancing 
efficiency during said separation. 

12. The apparatus of any of PJaims 8-10, further comorisin? 
first recirculation means for recirculation means for 
recirculating a portion of said heavy fraction through said 
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. -live filtration ncans, both of said recirculated portions 
convex i 

improving filtration efficiency. 

13. The apparatus of any of Claims 8-12, further including 
means for recombining said heavy and said light fractions. 

H. A method for separating predetermined molecular weight 
components from a complex fluid, comprising the steo of filtering 
soid fluid through a convenctive filter for separating said fluid 
into a heavy fraction having high molecular weight components end 
a complex filtrate fraction having lower molecular weight 
componentsthan said heavy fraction, said filter having at least 
one augmentation means for maintaining the efficiencv of said 
filtering during the period thereof. 

15. A method for separating pe r de t e r m i ned ^ 0 i e cular weight 
components from a complex fluid, comprising the step of filtering 
said fluid through spiral corrective filter means for separating 
said fluid into a heavy fraction having high mol ecu 1 a r We i gh t 
components and a complex filtration fraction having lower 
molecular -.eight components t K an said heavy fraction. 

16. The method of any of Ha^s 17-20, further including 
recirculating a portion of said heavy fraction through said 
filtration means to improve filtration efficiency. 

17. The method of any of CI aims 1 4 — 1 G , further including 
recirculating a portion of said filtrete fraction through sai^ 
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18. The method of any of Claims 14-17, said method further 
comprising the step of exposing said complex fluid in sairi 
convective filter means to charged membrane means for repelling 
selected constituents in S8id blood. 

19. A method for separating predetermined molecular weight 
components from a complex fluid comprising the steps of: 

passing said fluid through f i r s> I convective filtration means 
for separating said fluid into a heavy fraction having high 
molecular weighj components and a filtrate fraction having lower 
molecular weight components than said heavy fraction; 

passing at least a portion of said filtrate fraction 
through second convective filtration means for separating said 
filtrate portion into an intermediate fraction having 
intermediate molecular weight components and a light fraction 
having lower molecular weight components than said intermediate 
fraction. 

20. The method of Claim 19, wherein said fluid is passed 
through first convective filtration means having a ^Dirai 
geomc try. 

21. The method of Claim 19 or Claim 20, further including the 
step of recirculating a portion of said heavvfract ion through 
said first convective filtration means to enhance the seoaration 
p f f i o i p n o v 


l' i : i.'uiiil n.i; <i ;.' u r t i c :\ u 1 said filtrate fraction 
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lhr0 unh said first convective filtration means to enhance the 

separation efficiency. 

23 . The method of any of Claims 19-22, further including 
the step of reccbining said heavy fraction and said li<rht 
f ract i on . 

24. The method of any of Claims 19-23, further including 
tne step of removing at least a portion of said interrelate 
paction in a continuous process v,herein at least portions of 
sai d heavy and said light fractions are returned to a generation 
situs for said complex fluid. 

25. An apparatus for the filtration of a complex fluM 
comprising cellular material, comprising convection filtration 
m eans for separation of said fluid into a heavy fraction 
including said cellular material and a complex filtrate fraction, 
said filtration neans including at least one augmentation means 
for maintaining efficiency during said filtration. 

26. An apparatus for the filtration of a co-plex fluid 
comprising cellular material, comprising convection filtration 
means for separation of said fluid into a heavy faction 
including said cellular material and a complex flltrete 
fraction, said means comprising spiral geometry augmentation 
,neans for maintaining efficiency during the period of sai^ 
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eomplex fluid, comprising the step of filtering said f ' u i d thresh 
a convective filter for separating said fluid into o heaw 
fraction comprising said cellular components and a complex filtrpte 
fraction, said filter having at least one augmentation means for 
maintaining efficiency of said filtering during the period 
therefor . 
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cls " U roinDleJt fluid comprising, in 

^ c from a complex ^ x 

moleC ular weight exponents 

combination: deluding membrane means 

fin-ration means mciuaiwy 
{ir st eonvective filtration 

to direct feed flow sues t.nt i.l W P«* llel 

a heavy fraction 

ne „ bran e means for separation of ^ 

M ving — -«* r„ hea vy fraction 

. ,.,.i„ht components than saia 

M ving lower — ' including at least one 

• a first convective filtration means inolud 
sald . ■ „ .aid filtrate fraction at a 

mentation means for .maintaining said 

substantially constant rate, and ^ 
second convective filtration means mo! . 
to direct feed flow substantially parallel 
a „a means to direct filtr ate fraction and 

^/^t- reception or saiu 
membrane means P intermediate fraction 

fill-rate fraction into an inter 
se paration of said filtrate components an d a light 

havi ng intermediate Secular e.g ^ ^ 

taction having lower molecular weigh 

intermediate fraction. q£ said 

* naim 1, wherein at least 
2 . The apparatus of Claim filt rate 

filtration means comprises 
£ir st and second eonvective fxltr.t durin9 th e 

.„., £o r maintaining efficien y 
collection portion means 

peri od of filtration. ^ £irst 

3. The apparatus for Clal ^ ^ 

...... 1 : m Pa ns comprises c.i y 
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4. The apparatus for any one of Claims 1-3, further 
including recirculation means for recirculating a portion of said 
heavy fraction through said first filtration means for 
enhancing efficiency during said separation. 

5. The apparatus of any one of Claims 1-3, further 
comprising first recirculation means for recirculation means for 
recirculating a portion of said heavy fraction through said 
first convective filtration means, and second recirculation means 
for recirculating a portion of said filtate fraction through 
said first convective filtration means, both of said 
recirculated portions improving filtration efficiency. 
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6. The apparatus of any one of Claims 1-5. further including 
rr.eans for recombining said heavy and said light fractions. 

7. A method for separating perdeter mined molecular weight 
components from a complex fluid, comprising the step of filtering 
said fluid through spiral convective filter means forhaving a 
spiral filtrate collection channel separating said fluid into 

a heavy fraction having high molecular weight components and 

_ . . , . ■ T 1 /Ni.inr nnl of ill ar UP 1 flllt 

complex 1 1 ltrate iracuun " Q v J - 11 ^) xwr, v... 

weight components than said heavy fraction. 

8. A method for separating predetermined molecular weight 
components from a complex fluid comprising the steps of: 

passing said fluid through first convective filtration means 
including membrane means and means to direct feed flow 
substantially parallel to said membrane means for separating said 
fluid into a heavy fractaion having high molecular weight 
components and a filtrate fraction having lower molecular weight 
weight components than said heavy fract ion. said first filtration 
means including at least one augmentation means for maintaining 
said filtrate fractiton at a substantially constant rate; 

passing at least a portion of said filtrate fraction through 
second convective titration means including membrane means and 
means to direct feed flow substantially parallel to said 
membrane means for separating said filtrate portion into an 


components than sa:..: mu.'rr.eciat'j : : - ■' 

9. The nethod of Claim 3, wherein said fluid is passed 
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10. The method of Claim 8 or Claim 9, further including t * no 
step of recirculating a portion of said heavy fraction directly 
to and through said first convective filtration means to enhance 
said first convective filtration means to enhance the separation 
efficiency. 

11. The method of any one of Claims 8-10, further includ 
the step of recirculating a portion of said filtrate fraction 
through said first convective filtration means to enhance the 
separat ion efficiency. 

12. The method of any one of Claims 8-11, further including 
the step of recombining said heavy fraction and said light 
fraction. 

13. The method of any one of Claims 8-12, further including 
the step of removing at least a portion of said intermediate 
fraction in a continuous process wherein at least portions of 
said heavy and said light fractions are returned to a generation 
situs for said complex fluid. 
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1 14 *n apparatus ior the titration of predetermine, 

' wco ;„ «ei g nt counts ,o, a CO.PX.X «„ M . co.prl.in, 
i active fixation .eans ineiooin, »e„ b rane means ana means 

• C ° n • „ ara ii P i to said membrane means 

direct feed flow substantially parallel to 

> l .paraxon of said fluid into a heavy fraction having high 
. ocular weight components and a complex filtrate fraction 
| ing lower molecular ^ components - said „ y 

* " « oration means including at least one 
5? fraction, saic uuuvccx . _ 

I f . maint aining said filtrate fraction at a 

V. auqm entation means for maintaining 

I , nt rate and means for recirculating a 

& substantially constant , rate, an 

I rtion o £ sai* neav y — to an, — ~< 

l Infective UUration -..„. to "-ration efficient 

f , for the filtration of predetermine 

£] 15. An apparatus for tue 

f npntS from a complex fluid, comprising 

>; molecular weight components from 

* ' ■ „. mPan s including membrane means and means 

* ■ convective filtration means mcx 

I , , antia iiy parallel to said membrane means 

£ to direct feed flow substantially P 

l . , . .„ , v eavv fraction having high 

t for separation of said fluid into a heavy 

3 P „ts and a complex filtrate fraction 

, molecular weight components and I 

v' , r weiqht components than said heavy 

i having lower molecular weight c 

• d onvective filtration means including at least one 
fraction, said convective ^ & 

augmentation means for maintaining said 

*,nt rate, and means for recirculation 
substantially constant rate, . 

•* filtrate fraction through saia convective 
portion of said filtrate 
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16. An apparatus for the filtration of predetermine^ 
molecular weight components from a complex fluid, comprising 
convective filtration means including membrane means and means 
to direct feed flow substantially parallel to said membrane 
means for separation of said fluid into a heavy fraction having 
high molecular weight components and a complex filtrate fraction 
having lower molecular weight components than said heavy 
fraction, said convective filtration means including at least 
one augmentation means for maintaining said filtrate fraction at 
a substantially constant rate, said convective filtration means 
comprises charged membrane means for repeling selected 
constituents in said complex fluid. 

17. The apparatus of Claim 14 further including means for 
recirculating a portion of said filtrate fraction through said 
convective filtration means to improve filtration efficiency. 

18. The apparatus of any one of Claims 14-17, further 
including means for recombining said heavy and said light 
fractions . 


43 


19. An apparatus for the filtration of predetermined 
molecular weight components from a complex fluid, comprising 
convective filtration means including membrane means and means 
to direct feed flow substantially parallel to said membrane means 
for separation of said fluid into a heavy fraction having high 
molecular weight components and a complex filtrate fraction 
having lower molecular weight components than said heavy fraction, 
said convective filtration means including at least one 
augmentation means for maintaining said filtrate fraction at a 
substantially constant rate, and charging means for screening 
selected constituents in said complex fluid. 

20. A method for separating predetermined molecular weight 
components from a complex fluid, comprising the steps of 
filtering said fluid through a convective filter including 
membrane means and means to direct feed flow substantially 
parallel to said membrane means for separating said fluid into a 
heavy fraction having high molecular weight components and a 
complex filtrate fraction having lower molecular weight 
components than said heavy fraction, said filter having at least 
one augmentation means for maintaining said filtrate fraction at 
a substantially constant rate and recirculating a portion of said 
heavy fraction directly to and through said filtration means to 
improve filtration efficiency. 


''C77US82/00450 

44 

21. A method for senar^i. 

separating predetermined molecular weic ' 

;:~ s £rom a — »■». «„ Prlsing th . step : ht 
— ing S a id £luia through a _ tive filter 

membrane means and means to direct feed f , 

airect feed flow substantially 
P-Uel to said .e, brMC neans for separating ^ ^ 

• h..vy Action havi„ g hig h nolecular 
-Pi., fii trate fraction having iQwer | 

components than said heavy fraction. saia mt „ having ^ ' 

one annotation means for maintainino said filtrate fra f 

" i-act: traction at 

a substantially constant rate anH r-„ • , . 

S ^ reci ^ulating a portion of said 
filtrate fraction through said f i i t- r a f , „ 

flltratlon m «ns to improve 

filtration efficiency. 

The method of Claim 21 (urtw includ 
"circulating a portion of said heav y fraction throu g h said 
filtration means to improve filtration efficiency. 

23. A method for separating predetermined molecular wei g ht 
components from a complex fluid. co„prisi„ g the step of filtering 
-a fluid throu gh a conveetive f ilter including ^ 
•nd means to direct feed flow substantially parallel to said 
-mhrane means for separa ti „ g said fluid lnto a heavy f _ tion 
having h igh molecular weight components and a complex filtrate 
fraction h a vin g lower moiecular wei g ht components th an said heavy 
fraction, said filter havi„ g at least one au g mentation means for 
"•attaining said filtrate fraction at a subs,,., 


1 111 1 ■ 


said complex fluid 


' • : *' - cuii s t l t. uen t s ; n 
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24 . The method of Claim 23 wherein said charged means being 

for repelling selected constituents in 
charged membrane means for repeii g 

said complex fluid. 

25 A netnod for separate predetermined .decolar we ig nt 
co „ P o„e„ts ft o. a co„p lB < «.«. co.pri.in, t„e step of filter^ 
said auia tnrou g n conveetive filter includin, ne,,rane .eans 
and neans to direct feed «« substantially parailei to sard 

. • -air! fluid into a heavy fraction 
mem brane means for separating said 

i , r weiqht components and a complex filtrate 
having high molecular weignt <- i 

' nooular weight components than said heavy 
fraction having lower molecular weig 

= «- i Pas t one augmentation means for 
fraction, said filter having at least 

■a filtrate fraction at a substantially constant 
maintaining said filtrate 

*■ m.ans being the application of ultrasonic 
rate, said augmentation means being 

lnnnina 0 f said convective filter and 
energy means for avoiding clogging 

. j filtr ate fraction at a substantially 
for maintaining said filtrate 

constant rate. 

^ a of Claims 20 and 21, further including the 
26 The method of Claims 

„ id he avy fraction and said complex filtrate 
step of recombining said heavy 

fraction. 

27 Th e .etnod of Cl.i» 20 and 2!. fnrtner incledin, tne 
step o'f re^in g at least a portion of an intermediate fraction 

herein at least portions of said h eav y 
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28. A method for separating predetermined molecular wei 9ht 
components from a complex fluid, comprising the step of fiHerin, 
said „ uid through a fnter m9Qns fQr separat . ng sa . a nu . d ^ 

* heavy fraction having high molecular weight components and a 
complex filtrate fraction having low „ olecular 
components than said heavy fraction, said filter means having 
ultrasonic means for avoiding clogging o£ said filter ^ ^ 

order to allow saiH fiHo. 

...... cu continue to separate said 

fluid into said heavy fraction having high Secular weight 
components and said complex filtrate fraction having lower 
molecular weight components than said heavy fraction and for 
maintaining said filtrate fraction at a substantially constant 


rate 


29. A method for separating a complex fluid having cellular 
material comprising the step of filtering said fluid through a 
filter means for separating said fluid into a heavy fraction 
including said cellular material and a filtrate fraction, said 
filter means having ultrasonic means for avoiding clogging of 
said filter means in order to allow said filter means to 
continue to separate said fluid into said heavy fraction 
including said cellular material and said filtrate fraction and 
for maintaining said filtrate fraction at a substantially 
constant rate. 
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30 A method for separating a complex fluid having 
uular material comprising the step o£ filtering sain fluid 
loo,, a mter means tor separating said fluid into a heavy 
[ractio „ including said cellular material and a frltrate 
fraction , said filter means having charged means for avoiding 
pegging of said filter means in order to aHow said filter 
„ ea „s to continue to separate said fluid into said heavy 
fraction including said cellular materia! and said nitrate 
fraction and for maintaining sard filtrate fraction at a 
substantially constant rate. 

31 A method for' separating a complex fluid having cellular 
serial comprising the step of filtering said fluid through a 
£U ter means for separating said fluid into a heavy fraction 
incl ading said ceilular material and a filtrate fraction, and 
m ea„s for r ec i r cuia t i ng a portion of said heavy fraction 

v^^l directly to and through said 
including said cellular material directly 

filter means. 

32. A method for separating a complex fluid having cellular 
serial comprising the step of filtering said fluid through a 
„».r means for separating said fluid into a heavy fraction 
lncl uding said cellular material and a filtrate traction, and 
„eans for recirculating a portion of said filtrate fraction 
through said filter means. 


filter means . 
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34. A method in accordance with Claim 33 includi nq 
recombining said heavy fraction including said cellular nateri al 
and said filtrate fraction. 
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